While recent literature suggests that employers learn about the productivity of new workers over time, there is little consensus on how information about workers' productive ability is accumulated by current and outside employers in the labor market. This paper studies the role played by endogenous job mobility during the employer learning process and develops an asymmetric employer learning model in which a worker's employment history can be used by outside employers to assess his quality. Previous studies on asymmetric employer learning builds on two-period mover-stayer models and precludes the signaling effects of job mobility by construction. By extending the mover-stayer framework to allow job mobility pattern be observed by recruiting firms in a three-period setting, I derive empirical implications regarding the relationship between wage rates, ability, schooling and overall measures of job mobility that enable me to differentiate symmetric employer learning model, mover-stayer model with asymmetric information, and asymmetric employer learning model with potential employers learning through workers' employment histories. Testing the model with data from the National Longitudinal Survey of Youth 1979 (NLSY-79), I find strong evidence supporting the three-period asymmetric employer learning model. * I am most grateful to Jeffrey Smith and Judith Hellerstein for their insightful comments, invaluable guidance and continued encouragement. I have also benefited from discussions with Emek Basker, Pe-
Introduction
Asymmetric and imperfect information characterize almost every aspect of modern labor market, and economists have been interested in investigating their consequences ever since the seminal work of Akerlof (1970) and Spence (1973) . This paper studies an employer's private information about a worker's productivity and argues, theoretically and empirically, that early-career job mobility plays an important role in the employer learning process about employees' productive ability.
Incomplete information about worker's productivity makes it very difficult for a company that is hiring to accurately assess the value of a job candidate's innate ability. Instead, the potential worker's employment history and other forms of information about his productivity, such as resumes and reference letters, usually serve as the basis for recruitment and compensation. This information imperfection directly motivates the statistical theory of discrimination 1 where firms distinguish between individuals with different observable characteristics based on statistical regularities. Although some information about the worker's ability is available to all the firms in the market, it is reasonable to imagine that the incumbent employer accumulates further information about the worker's productive ability after production begins, and then updates its beliefs accordingly. The employer's subsequent wage offers and layoff/firing choices are conditioned on the revised expectations of the worker's productivity. When the current employer and potential employers set their wage rates according to different information sets, the worker's job mobility is endogenously determined by the wage offers from the two sides, and his employment history conveys information regarding his unobserved productivity. The job change pattern of the worker, which is an inevitable consequence of the information asymmetry, provides outside employers with an additional tool to go beyond the "veil of ignorance" and learn about the worker's productive ability. As intuitively appealing as it sounds, previous research on this topic has neglected the learning process of outside employers through the worker's employment history.
The main contribution of this paper, and the key feature of my employer learning model, is to treat endogenous job mobility 2 as an additional source of information about a worker's productivity that is available to the outside employers. 3 Both incumbent and potential employers learn about the productive ability of the worker in my model as opposed to two-period mover-stayer models in which only current employers learn, and they learn through different signals, as opposed to the public learning model in which they learn in the same way. In the context of asymmetric information and learning from outside employers through mobility pattern, by offering workers with different mobility histories different wage rates, market selection intensifies over time. In contrast, under the hypothesis that learning is symmetric between incumbent and outside employers, 4 job separations have no implications for the worker's expected productivity and mobility plays no role in employer learning. While earlier research on asymmetric information in the labor market recognizes that one consequence of private learning is that workers who switch firms are of lower quality than workers who stay with their employers, it relies on two-period mover-stayer type models and ignores the informational content of job changes. In my model, these job changes help outside employers to dynamically acquire extra information about worker productivity.
Using the 1979 cohort of the National Longitudinal Survey of Youth (NLSY-79), and taking advantage of its unique cognitive ability measure, the Armed Forces Qualification Test (AF QT )
score, which provides a summary of basic math and literacy skills that is not observed by the employers, I test the intensified adverse selection model by examining whether the relationship between a worker's AF QT score and job mobility weakens as workers age. If employer learning is symmetric, the average quality of workers who change jobs will be equal to that of workers who do not. Additionally, if adverse selection does not worsen with the accumulation of labor market experience as implied by the two-period mover-stayer asymmetric employer learning model, then the correlation between the ability measure and the probability of changing jobs should stay 2 The model endogenizes job mobility by adding non-pecuniary job characteristics to the worker's utility function. For a similar approach to modeling mobility, see Neal (1998) , Acemoglu and Pischke (1998) , and Schonberg (2007) . 3 Gibbons and Katz (1991) allow outside firms to learn the reasons for prior job separations and condition their wage offers on them, but in reality, discerning the cause of a prior job change is much more challenging than obtaining the employment history of a job applicant. 4 The symmetric learning models of Farber and Gibbons (1996) and Altonji and Pierret (2001) do not consider worker mobility at all. constant over time. In contrast, a model in which job mobility serves as an ability signal to outside employers not only implies that the more frequent are job turnovers the lower is the quality of the worker, but it also predicts that unobserved ability plays less and less of a vital role in the mobility decision with each year that the worker spends in the labor market. Thus, this implication empirically differentiates the three models.
I modify the empirical model of Farber and Gibbons (1996) and Altonji and Pierret (2001) by incorporating into the wage regressions they specify the frequency of prior job separations.
5 I
show that there is a difference between frequent job movers and occasional movers in terms of how ability affects the way that the incumbent and outside firms set their wage rates conditional on labor market experience. This finding is at odds with the public employer learning model because the assumption that the incumbent and recruiting firms have the same amount of information about the worker's ability implies that the AF QT score affects every firm's wage offer in the same fashion given experience. This finding is also not consistent with the two-period mover-stayer model of private learning. If outside employers do not exploit the job mobility history as an additional source of information to distinguish low quality from high quality job candidates, the difference in the impacts of ability on wage rates between the incumbent and outside firms is identical for workers with different mobility levels given the same experience level. However, if the outside firms' wage offers depend on the employment history as described by the three-period model constructed in this paper, the outside employers will have a more accurate assessment about the quality of workers with more job changes, so the employer learning more closely resembles public learning for this group of individuals. According to my three-period model, the incumbent employer updates its expectations of the worker's productivity by directly observing the worker's output and, over time, relies less and less on easily observable characteristics. The outside firms learn over time about productivity through observing the job mobility history of the worker, hence also depend less and less on variables like years of schooling. The substitution of employment history for schooling as a productivity signal implied by my model allows me to test the model by examining the impact of education on wages for individuals with different job turnover patterns.
The paper unfolds as follows. Section 2 provides a review of the employer learning literature.
Section 3 presents my employer learning model where a worker's employment history is used by outside firms to revise their expectations about the worker's productivity, and contrasts the empirical implications of my model with those of the public learning and two-period mover-stayer models.
Section 4 describes the data and Section 5 presents empirical evidence. Section 6 concludes.
Previous Literature on Employer Learning
While it seems plausible that prospective employers may be less informed about the productivity of the worker than the current employer, it is assumptions about how outside firms learn that divide the literature on employer learning. The phrases "symmetric employer learning" or "public learning" refer to the body of research that assumes away asymmetric information and instead assumes that all market participants, incumbent or outside, have the same amount of information about the worker's productivity at each point in time and that the labor market operates competitively. Examples of early theoretical analyses under the hypothesis of public employer learning are Freeman (1977) and Harris and Holmstrom (1982) . Another set of studies, including this paper, assume that there is some degree of information asymmetry and that the incumbent employer has more information than other firms about the employee's ability. Under this assumption, recruiting firms have an informational disadvantage relative to current employers. How the outside firms use the information contained in the worker's employment history to minimize this disadvantage motivates this paper. In the literature, efforts have been made to examine how "asymmetric employer learning", or "private learning", might generate inefficient job assignments within the firm; these include the models laid out by Waldman (1984) , Milgrom and Oster (1987) , and Bernhart (1995) .
Other theories, such as those of Greenwald (1986) and Lazear (1986) , focus on the analogous implications for wage dynamics and job separations.
Two influential papers made empirical breakthroughs in testing the employer learning model: Farber and Gibbons (1996) and Altonji and Pierret (2001) . Working under the hypothesis of pure symmetric employer learning, they deliver testable empirical implications that are consistent with the observed patterns in the data for experience gradients, education, and test scores in a wage regression that are hard to reconcile with a simple human capital model. Their models predict that, at labor market entry, firms rely on easy-to-observe variables that are correlated with productivity to determine wage rates. Thus, the coefficient on a variable correlated with productivity which is not observable to employers but is observed by economic analysts should increase with labor market experience. The same argument leads to the decreasing time path of the coefficient on the easy-to-observe variable that is correlated with ability if the hard-to-observe measure of ability is included in the wage regression. Empirical research on labor market asymmetric information is sparse and far from conclusive.
Gibbons and Katz (1991) test the asymmetric learning hypothesis by comparing the earnings 6 Altonji and Pierret (2001) specify their learning model in logarithms while Farber and Gibbons (1996) specify the model in levels and derive that wages should follow a martingale. 7 In an earlier paper, Altonji and Pierret (1998) recognize that the speed of employer learning plays a crucial role in statistical discrimination. They argue that the observed coefficient patterns in their earnings equation are consistent with a fast speed of employer learning and that this limits the contribution of signaling to the returns to education. losses of workers who are laid off versus those who are displaced for exogenous reasons, like a plant closing. Under the assumption that information concerning a worker's ability is private to the current employer, outside market participants infer that laid-off workers are of low quality and label them as "lemons", but no such inference is warranted for exogenous job leavers. Since pre-displacement wages do not differ by cause of displacement for the two groups of workers, their asymmetric learning model predicts a greater wage loss for layoffs than for those displaced by plant closing. Their empirical examination using the CPS Displaced Workers Supplements (DWS) clearly supports their model predictions. Her empirical results using the 1988-2000 DWS reveal that the earnings and unemployment duration experiences of the two groups behave in the predicted way and are consistent with asymmetric information in the labor market.
In a paper closely related to my study, Schonberg (2007) extends the framework of Farber and Gibbons (1996) and Altonji and Pierret (2001) to accommodate the situation in which employer learning is private by endogenizing the mobility decision of the worker. She builds a two-period mover-stayer model and tests it by adding tenure variable to the wage regression and examining whether the effects of education and ability on wage offers differ for incumbent employers and outside firms. She finds only limited empirical evidence to support her asymmetric information model for the workers with higher education, after she includes interactions between schooling and the test score variables with higher-order terms in job tenure. 
Jobs are treated as pure search goods in this model 10 and match productivity is known ex ante.
In another words, there is no further information on match quality generated in the model as the match proceeds. Following the job matching literature, a new value of δ i,j is drawn from its distribution with each job change and the successive drawings are independent. This guarantees that the worker's prior employment history is not relevant in assessing his δ i,j in a newly formed match.
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The risk-neutral workers are also heterogeneous with regard to a non-pecuniary utility component, θ j i,t , associated with job j for time period t. 12 The inclusion of this taste parameter is in 9 She does not find evidence of asymmetric learning for high school dropouts and high school graduates in her sample.
10 For "pure-search-good" models of job changes, see, among others, Lucas and Prescott (1974) , Burdett (1978) , Mortensen (1978) , Jovanovic (1979b) , and Wilde (1979) . 11 Another line of job search and matching models treats match-specific productivity as an experience good; see, e.g., Johnson (1978) , Jovanovic (1979a) , and Moscarini (2003) , where match quality is not known ex ante but is learned over time as the job is "experienced". In order to concentrate attention on employer learning and sequential adverse selection, and to avoid the complications caused by employee's time varying perceptions of job quality, I model match quality as an inspection good in this paper.
12 I use employer and job interchangeably in this paper. Empirically, the term "job" refers to any position within line with most of the existing work on asymmetric employer learning and is part of an easy way to endogenize mobility. As explained by Greenwald (1986) , the "random" quit behavior generated by this type of heterogeneity is critical to the existence of equilibrium turnover. In particular, it facilitates trading even in the presence of adverse selection so that the market does not break down completely as in Akerlof (1970) . In this model, the non-pecuniary utility measure is assumed to be transitory and workers draw a new value of θ j i,t in each period for each job. This taste shock may refer to preferences to specific colleagues and supervisors, the working environment, health and other benefit programs, etc. I specify the distribution of θ j i,t as N (0, σ 2 θ ) for any i, j, t.
Wage rates are determined on the spot market and long-term contracts of any sort are assumed away. At the beginning of the first period, wages are offered simultaneously by all of the recruiting employers. Firms do not see χ i,j although they know δ i,j upon inspection. In addition, after production takes place, the ith worker's output for period 1 in firm j, y i,j,1 , becomes known to the incumbent firm. The public learning models of Farber and Gibbons (1996) and Altonji and
Pierret (2001) assume that the information held by employers is symmetric and all of the firms in the market observe the same sequence of output (y i,j,1 , y i,j,2 , ..., y i,j,t ) through period t. In contrast, in my model, the productivity signal is only observed by the worker's current employer. This noisy measurement, y i,j,1 = χ i,j + i,j,1 , is then used by the current firm to update its expectation of the ith individual's productivity. With an additional assumption of an i.i.d normal distribution for i,j,t , Bayes's rule yields the expected productivity at the end of period one from the perspective of the incumbent employer:
The posterior mean is simply a weighted average of the prior expectation of the worker's productivity and the noise-ridden signal, where the weights depend on the relative sizes of the prior variance and the variance of the noise term i,j,1 . The posterior variance V ar(χ i,j | y i,j,1 ) is known a given employer rather than to a particular position with that employer. The work history file in NLSY-79 does not provide enough information to distinguish job position changes from employer changes.
to be
η +σ 2 , which is independent of the realization of y i,j,1 . At the beginning of period two, potential employers first make wage offers. The current employer then observes those wage offers and makes a counter offer. This timing of events in wage determination is standard in the literature dealing with asymmetric information. Making use of the distributional assumption about the unobserved non-pecuniary heterogeneity, the probability of moving is Φ(
). All workers are employed in both periods and retire at the end of the second period.
Working backwards from the second period and suppressing the individual subscript i, with the updated expectation of the worker's productivity as well as the outside wage offer w o 2 in hand, the optimization problem for the incumbent firm is
while the outside employer maximizes
13 See, among others, Waldman (1984) , Greenwald (1986) , and Gibbons and Katz (1991) .
Manipulation of the first-order conditions yields
and
The monotone hazard rate feature of normal random variables, d(
)/dθ < 0, implies the quasi-concavity of the objective functions so that the first-order conditions are sufficient for the maximization problems. The monotone hazard rate also guarantees that the two reaction functions defined by the two first-order conditions both have a positive slope less than one and that there is at most one intersection. The equilibrium exists and is unique.
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The wage offer of the current employer depends on the productivity signal sent by the worker.
His first-order condition implies
and ∂w
In the context of match quality as an inspection good, the higher is the innate ability, the higher is the wage offered by the incumbent firm. The relationship between the current employer's wage offer and the worker's ability is not as strong as the relationship between the incumbent's wage offer and match quality. This simply follows from the different learning mechanisms attached to the individual's innate ability and to the match-specific productivity. Job match quality is learned instantly, without error ex ante, while ability has to be inferred from a series of noisy signals. As pointed out by Lange (2005) , the parameter
η +σ 2 plays a central role in the updating process of expected productivity. It represents the noisiness of the initial assessment of productivity relative to the noisiness of the subsequent signals. It is clear from (6) that if subsequent signals are more noisy than the initial expectation, that is, the smaller is
η +σ 2 , the lower the weight the incumbent firm places on innate ability in wage setting.
At the same time, private information prevents potential employers from obtaining updated expectations of unobserved productivity, as a result, the outside wage offer does not vary with η.
Nevertheless, the relationship between the outside wage offer and match-specific productivity is positive, i.e. ∂w
which is intuitive given the assumption about the nature of job match quality. The relationship between mobility and ability generated by this model embodies adverse selection, so that ∂Φ(
That is, the probability of moving to another employer at the beginning of the second period is higher for less able workers. Again, taking the derivative with respect to the current firm's match quality, ∂Φ(
Equation (10), along with (8), captures the notion of a "good match" in the sense that it pays better and survives longer. Match quality has little impact on the implications of asymmetric employer learning highlighted by (7) and (9 for about one third of total wage growth during the first ten years in the labor market. This evidence should not be seen as contrary to the predictions of the asymmetric information model, as the match-specific productivity δ i,j in my model does allow between-job wage growth, while their study does not deal with the quality of the workers across mobility levels.
To complete the model, I assume that the wage setting game on the entry-level labor market resembles the standard inspection good job matching models and the public learning models.
Before period one, none of the firms in the labor market knows more about the productivity of the worker than the initial expectation, the wage offers therefore do not depend on ability. Without loss of generality, I assume only two potential employers j = J, K are competing for workers on the entry-level market. This particular case can be extended readily to the N -firm case. If the firms and workers share the same discount factor β, the ith individual's expected utility when working
where E η, denotes the expectation with respect to random variables η and . Replacing subscript J with K defines the optimization problem facing firm K. The symmetry implies that in the entrylevel market equilibrium, both firms offer the same wage conditional on match quality, just as in the case of public learning, and better match quality commands a higher wage rate. Combining match-specific productivity and adverse selection on unobserved innate ability together implies that, although a "mismatch" leads to a lower wage and an early separation, job matching alone does not predict that movers are of lower quality than stayers, which is an important prediction from the two-period model.
A Three-Period Extension with Empirical Implications
While the two-period mover-stayer model does capture how private information held by the current employer affects the worker's mobility decision and wage determination, it is silent about the role of job mobility in sequential market trading, and it treats potential recruiting firms as completely "passive". The extension to a three-period setting allows the employment history of the workers on the second-hand labor market to serve as another signal to outside firms and provides an additional channel for recruiting employers to learn about the unobserved productivity of the workers. The two-period model suggests that worker ability and job mobility are negatively correlated because of adverse selection. It is reasonable to think that outside employers take prior job mobility into account when they make subsequent wage offers. The three-period extension also sharply contrasts with the match quality story of job mobility, in which the prior employment history is independent of the quality of a new match. Here, prior employment history is the driving force behind dynamic adverse selection.
From the perspective of potential employers, at the end of period two workers can be distinguished by their mobility decisions in the previous period. Conditional on each of the two possible values of the number of job changes, m = 0, 1, the bidding procedure is completely comparable to the one at the end of the first period. The only difference is that the recruiting firms now know that the distribution of η is different for workers with different m because market selection takes place at the end of period one. For workers with m = 1, that is, those who change jobs at the end of period one, the expected productivity becomes
Given that ∂w c 2 ∂η > 0 and that everything else in the conditioning set of the expectation of η is independent of η, the end-of-period-one adverse selection shifts the ability distribution of the m = 1 workers toward the left. Similarly, asymmetric employer learning shifts the distribution of η for the stayers toward the right.
Meanwhile, the incumbent firms of workers with m = 0 continue learning in the Bayesian style.
Their updated expectation is
For the current employer of workers with m = 1, expected productivity takes the form of (1.1).
With repeated market transactions as in the three-period model, potential employers make offers to workers with m = 1 according to
and make offers to workers with m = 0 according to
where c and o denote the incumbent and outside employers at the end of period two and the numerical superscript on w 3 represents the value of m. We further obtain the corresponding optimization problems for the current firms
Comparing (15) and (16) and that market selection intensifies dynamically, so that ∂Φ(
Although ( means fewer job changes after the second period than after the first period. 17 There is an enormous amount of heterogeneity among movers and an important tool for potential recruiting firms that want to learn about this heterogeneity is job mobility history. A typical two-period analysis, such as Schonberg (2007), predicts that the ability gradient of the job separation probability remains constant over time. In contrast, in the three-period case, incumbent firms gradually lose their informational advantage due to the accumulation of knowledge about η by outside employers with the result that employer learning on the market place converges to the public learning model over time. The intensified adverse selection 16 This is because the current employer still holds more information about η than the outside market, so that, implies a decreasing effect of innate ability on the job change probability. It is also obvious from (19) , but still worth mentioning, that if the output sequence (y j,1 , y j,2 , ..., y j,t ) is available to all the firms, then = 0 for any t. When the information is imperfect but symmetric, the ability distribution is identical across mobility levels and the worker's job changing decision depends on the match quality δ and the non-pecuniary job characteristics θ.
18
The first-order condition for (18) combined with (6) allows us to obtain
This inequality explicitly spells out employer learning: for workers staying with their initial employers for the entire three periods, wage rates depend more and more on unobserved productivity.
Moreover, and perhaps more importantly, this increase in the correlation between wages and ability is larger than that in the pure symmetric employer learning model. To see this, notice that the numerator of η +σ 2 appears as the numerator of (6). The second term is a special feature of this model and follows directly from the market feedback of the job mobility decision. It represents the additional premium put on unobserved productive ability by the current employer because he knows that outside recruiting firms can partially learn about the ability of the workers via the employment history. Existing asymmetric employer learning models have been unable to lay this out clearly and convincingly because they do not take into account the signaling effect of job mobility on outside wage offers.
For workers who change jobs after period one, the increase in the correlation between market wage rates and innate ability η over time also holds. The wage determination process in (3) implies that for m = 1 workers, wage offers for period two are constant over η because only µ η enters (3), but the story told by (15) and (17) is that whether or not these workers decide to change jobs at the end of the second period, it is always the case that that innate ability has a stronger impact on wage offers for incumbent firms than for outside employers, and that the difference is greater as the informational advantage of the incumbent firm increases. Based on this implication, Schonberg (2007) predicts a positive coefficient on the variable that interacts the AF QT score and job tenure in a wage regression. While in general this intuition still holds for the three-period model, I am able to break the link between tenure and job mobility by extending the mover-stayer model into a third period and empirically investigate how ability differentially affects workers with different mobility patterns even conditional on current job tenure. The absence of learning from outside employers in the two-period model implies the independence of job mobility frequency and the differential impacts of ability on wages offers from current and potential employers, while when recruiting firms on the outside market take job mobility history into consideration at the end of period two, the informational advantage of the current firm in period two is lower than that in period one and the reduction is higher for workers with more frequent job changes. The more information the outside firms have, the smaller is the difference between the impacts of ability on wages for the incumbent versus outside firms. This implication is not consistent with the mover-stayer model in which learning by recruiting employers is ruled out. Thus, the signaling effect of the prior job moves implies a negative coefficient for the variable which interacts the test score, job tenure, and frequency of job mobility.
One real world application of employer learning models is to study statistical discrimination, where firms distinguish among workers on the basis of easily observable variables that may be correlated with productivity like years of eduction, gender, and race. Altonji and Pierret (2001) describe the intuition of such analyses succinctly:
"As employers learn about the productivity of workers, s [which is schooling] will get less of the credit for an association with productivity that arises because s is correlated with z [a variable like AFQT score that is initially unobserved, but is positively correlated with both s and output], provided that z is included in the wage equation with a time dependent coefficient and can claim the credit."
Note that because a worker's education level is part of the firm's initial information set and is incorporated into the determination of first-period wages, subsequent innovations in wages can not be forecast from years of schooling. 19 The empirical regularity of a declining time path of the returns to schooling arises solely out of the relationship between education and unobserved innate ability. To include easily observed time-invariant characteristics like schooling in the model, I can redefine productivity as
where s denotes the years of schooling. Keeping everything else in the model unchanged, the time path of the returns to η is shown to be increasing as firms accumulate more information, regardless of whether it is symmetrically or asymmetrically distributed between the incumbent and potential employers. This learning effect on the impact of ability spills over to the schooling variable that firms use to statistically discriminate among new employees. Thus, following the same logic as in Altonji and Pierret (2001) , given cov(η, s) > 0, the model predicts that the coefficient on s in a wage regression declines with labor market experience when an ability measure unobservable to employers is included.
Unlike years of schooling, which is a time-invariant ability signal known to all the employers upon market entry, the job mobility history serves as a time-varying signal to the outside firms in the three-period model. The information contained in a worker's employment history is utilized by potential hiring firms to evaluate the productivity of the workers. The fact that learning by the outside firms increasingly makes the time-invariant signal s redundant is another special feature of the three-period model. Traditional analyses ignore the informational content of prior job moves and imply that the effect of education on wages is independent of job mobility, conditional on experience and job tenure. The signaling effect of employment history, however, predicts a negative coefficient associated with the interaction between years of schooling and the frequency of job mobility in a wage regression.
The Data: NLSY-79
The empirical work is based on White, Black, and Aptitude Battery 21 (ASVAB) tests which are used by the NLSY-79 to construct the AF QT score.
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After dropping them, the remaining sample consists of 4132 individuals with 48,617 person-year observations. Table 1 contains summary statistics for observations used in the analysis. Actual labor market experience is the number of weeks in which the worker works more than 30 hours divided by 52 after the transition from school to work. I do not count part-time employment, self-employment, 20 Alternatively, Farber and Gibbons (1996) define a transition as occurring if the worker is classified as nonworking for at least one year, followed by at least two consecutive years classified as working, where a worker is classified as working when she has worked at least 26 weeks, and during these weeks at least 30 hours, since the last interview. 21 The AF QT score is the sum of the raw scores from the following four sections of the ASVAB: arithmetic reasoning, word knowledge, paragraph comprehension, and one half of the score from numerical operations section. 22 The ASVAB was administered to the NSLY-79 respondents in 1980, thus, different respondents took it at different ages. To eliminate age effects, I standardize the AF QT score within each birth cohort.
time spent working without pay, time spent unemployed, and time spent out of the labor force. Table 2 shows the distribution of the number of job separations by each worker during the first 2, 5, and 10 years of his career as well as the total number of jobs held.
The average number of job separations in the first ten years is 5.6 with a standard deviation of 4.0. The mean number of jobs actually held 27 is 6.2 with a standard deviation of 4.0. Table 2 also illustrates that only 3% of individuals experience no job changes in the first 10 years of their career, while around 10% of workers remain with their initial employers during the first five years and 38% for the first two years. At the other extreme, 11% of individuals separate from 10 or more employers within the first ten years after the school to work transition; that is, they average over one job separation per year for the 10-year period. Table 2 demonstrates that the typical individual in the sample is quite mobile early in his career.
The data on job separations also suggest that job mobility slows over time. While this can not 23 For the individuals who work more than one job at a point in time, I only consider the job at which the respondent works the most hours during the week. 24 I tried other cutoff values, such as $0.5 and $200. My empirical results are not sensitive to the changes in the values used to define unreasonable wage observations. See Bollinger and Chandra (2005) for more on this issue. 25 The NLSY-79 collects information on all jobs held by a respondent since the last interview, however, the percentage of respondents who report more than five jobs in each survey year is less than 1%. 26 As the same employer can receive different job codes across survey years, it is necessary to use beginning and ending dates as well as a series of matching variables to determine the job code in the previous survey for every employer in the current survey and to decide whether it is a new job. 27 Topel and Ward (1992) find that the average worker holds 6.1 jobs by the time he or she has eight years of potential labor market experience in their longitudinal employer-employee data. be said to be attributable solely to the intensified adverse selection, it is at least consistent with the three-period model where outside employers take the employment history into account. In contrast, neither the symmetric employer learning model nor the two-period mover-stayer model implies a decline in job turnover conditional on innate ability. About 30% of the sample undergoes no job changes during the second five years, and 46% undergoes at most one job separation during that time period.
Throughout the paper, I use the total number of job separations rather than the number of voluntary job separations. It is not clear how to distinguish between involuntary and voluntary job separations in the NLSY-79. The NLSY-79 codes a large number of reported reasons for each job separation, including "bad working condition", "own illness", "found better job", "spouse changed jobs", etc. If I delete all job separations corresponding to "layoff" and "discharged/fired", then 70% of all the job separations remain. However, those remaining job separations still include ones caused by family reasons as well as ones caused by "found better job" and "pay too low".
Moreover, the explanation for over 25% of all job exits is coded as either "other" or missing, so I must either eliminate those jobs or arbitrarily assign them to voluntary or involuntary categories. 28 
Econometric Specification and Empirical Results
One of the empirical implications of an employer learning model in which information about a worker's productivity is public is a correlation of zero between the worker's innate ability and his probability of changing jobs. Both the two-period mover-stayer model of asymmetric employer learning and my three-period extension challenge this by showing that the average quality of the job-changing pool is lower than that of the pool of stayers. What differentiates these two versions of the asymmetric information model is the prediction regarding how the relationship between ability and the job change probability changes over time. In the absence of learning by outside employers, the mover-stayer story implies a constant correlation between η and the probability of job change. On the other hand, information accumulation by potential employers through the 28 See Light and McGarry (1998) for a similar argument.
observed job mobility history implies that this relationship becomes weaker and weaker over time.
I test this implication of the learning model by estimating a probit model where the dependent variable is an indicator of whether the worker experiences a job changes in a given period, P r(JobChange i,t = 1) =Φ(β 0 + β 1 AF QT i + β 2 (Exp i,t /10)
where i is an individual, t is a survey year, Exp i,t is actual labor market experience and X i,t is a The results of the job changing regressions are presented in Table 3 . Column (1) in the table is the mean derivative estimated from a probit model where the standardized AF QT score is the only explanatory variable. A one standard deviation increase in the test score is accompanied by a 3.6
percentage point decrease in the probability of changing jobs. This preliminary evidence clearly rejects the symmetric employer learning hypothesis via a highly statistically significant probit marginal effect associated with the AF QT score. To distinguish the two types of asymmetric learning hypotheses, column (2) estimates the same probit with experience and the interaction between the AF QT score and experience as additional independent variables. The mean marginal effect on the AF QT score remains statistically significant, and there is a positive and statistically significant estimate for the interaction term of the AF QT score and labor market experience. The decreasing time path of the absolute value of the impact of the AF QT score on the probability of changing jobs is a unique prediction from the three-period adverse selection model. It captures the closing of the informational gap between current and outside employers about the productivity of the workers. The estimated marginal effect of 0.026 strongly suggests that not only does the current employer learn, but potential employers also accumulate new information about a worker's innate ability, so that over time ability matters less and less in job changes.
Including additional covariates in the probit regression, column (3) controls for race, one-digit industry and occupation dummies, and year effects. These control variables weaken the correlation between the AF QT score and job mobility, but by no means eliminate it. The probit marginal effects associated with the AF QT score and the interaction term are still statistically significant and qualitatively tell the same story as column (2) level, and the overall conclusion is the same as that drawn from column (2) and column (3). To summarize, the probit estimates shown in Table 3 are consistent with an asymmetric employer learning model in which both the incumbent and the outside employers gather information about the worker's unobserved productivity. The negative and statistically significant mean marginal effect of the AF QT score on the job change probability rejects the public learning hypothesis, and the gradually decreasing association between the test score and the probability of job separation is at odds with the two-period mover-stayer model.
To further distinguish the two versions of asymmetric employer learning models, one without outside employers learning and the other with potential firms learning through the employment history of the job candidate, I make use of the empirical framework advanced by Farber and Gibbons (1996) and Altonji and Pierret (2001) . Under the assumption of pure public learning, Altonji and Pierret (2001) estimate a version of the standard earnings equation with schooling and the AF QT score interacted with labor market experience
where the log wage for the ith worker at time t depends on his schooling, his AF QT score, labor market experience, and other observable characteristics X i,t . Their model shows that when the AF QT score is included in the regression as an ability measure, the time path of the coefficient on schooling declines with experience while the coefficient on the AF QT score increases with labor market experience. As employers learn more about the productive ability of a worker, they rely less on the easily observable variables such as education in the wage setting process. Note that my model in Section 3 explicitly demonstrates that their implications regarding the signs of α 3 and α 4 also hold even when the information about the worker's productivity is asymmetric. Table 4 shows the results generated when their wage regressions are run on my sample. In addition to the explanatory variables shown in the table, all of the regressions control for race, a cubic in experience, industry and occupation, year effects, education interacted with year effects, and Black and Hispanic interacted with year effects. The first two columns report OLS estimates of (23) . Columns three and four report two stage least squares (2SLS) estimates using potential experience as an instrument for actual labor market experience. 31 Looking across the columns, the two sets of coefficient estimates tell the same story and confirm the empirical findings of Altonji and Pierret (2001) that the impact of the AF QT score on wages increases with labor market experience and the coefficient on years of schooling decreases with experience.
While these estimates support the view that employers acquire new information about workers' productivity over time, they do not allow us to distinguish among public learning, asymmetric learning without the outside employer accumulating new information, and the three-period model developed in the Section 3. When the recruiting employers gather new information about the ability of the worker through his employment history, my model predicts a declining difference between the impacts of ability on wage offers from the incumbent and the outside firms with increasing job mobility, and therefore a negative coefficient for the interaction term involving the AF QT score, job tenure, and the frequency of job mobility. I estimate the following wage regression,
where T enure i,t denotes job tenure and F req i,t denotes the ith worker's frequency of job mobility as of time t. The closing informational gap between the current and outside firms through employment history implies that γ 8 < 0. On the other hand, if the outside employers ignore the information concerning the worker's innate ability contained in the job mobility history as described in the two-period model, or if their learning process occurs through other channels, then we would expect to find γ 8 = 0.
The OLS estimates of (24) are displayed in Table 5 . Other covariates that I control for are a cubic in experience, a cubic in job tenure, race, industry and occupation, year effects, education interacted with experience, education interacted with year effects, and interactions between the if the intensity of work experience conveys information to employers about worker quality.
race dummies and the year effects. Column (1) provides the regression estimates before controlling the measure of job mobility. This coincides with existing tests of the asymmetric employer learning model such as those in Schonberg (2007) . If employer learning is private, the impact of ability on the wage offer of the current employer exceeds that of the outside firms, which predicts γ 6 > 0 in (24) , as opposed to the case of pure symmetric learning which implies γ 6 = 0. In line with Schonberg (2007) , my estimate for the coefficient associated with the interaction term between the AF QT score and job tenure shows a positive sign that is consistent with the asymmetric information model but fails to pass the significance test at conventional levels. Schonberg (2007) only finds a marginally significant estimate for γ 6 after controlling for interactions between the AF QT score and higher order tenure terms for her university graduates sample.
Column (2) of Table 5 estimates a complete version of (24) and paints a different picture.
Although the positive coefficient estimate of 0.021 for the AF QT score and job tenure interaction, larger in magnitude compared to column (1), remains statistically insignificant, the estimated coefficient of -0.013 associated with the interaction between the AF QT score, job tenure, and the frequency of job mobility strongly suggests that outside employers indeed acquire knowledge about the worker's ability through his job change pattern, with the result that the informational discrepancy between the incumbent and potential employers in turn diminishes with experience.
Conditional on job tenure, I still see a positive and statistically significant coefficient estimate of 0.049 for the variable interacting experience and the AF QT score, which reinforces the conclusion that learning on the labor market is not purely asymmetric. I also find a negative coefficient estimate for the frequency of job mobility 32 which suggests that early-career mobility does little to help but can do a significant amount to hurt wages. Although this may not be a defining implication from the model, it is consistent with the intensified adverse selection story.
As a time-varying signal of the worker ability, the availability to the market of job mobility history also has implications for the role played by the time-invariant observables that the employers initially use to statistically discriminate among workers. Table 6 reports the OLS estimates of (25) where X contains the same additional variables as in Table 5 . Column (1) excludes the job mobility measure and its interactions with schooling and the AF QT score. Although the general pattern of the coefficients on the interactions between the AF QT score and schooling with experience suggested by the learning model is still borne out by the data, the highly imprecise estimates for λ 6 and λ 7 tell us nothing about the nature of employer learning. In column (2) of Table 6 , the estimates support the three-period model in which potential employers learn from the job mobility patterns. In particular, the negative and significant coefficient estimate for the interaction term of schooling and the frequency of job mobility implies that education plays less of a signaling role as outside firms rely more on employment history to assess the value of the worker's productivity. Information revelation as an immediate consequence of intensified adverse selection helps the recruiting firms to become better informed about the quality of the workers in the job-changing pool. Also, the coefficient on the interaction of education and job tenure is negative, though only significant at the 10 percent level. It provides suggestive evidence that potential employers depend more, relative to the incumbent employer, on schooling to determine their wage offers. Taken together, these empirical results strongly surpport the aforementioned three-period model in which not only do incumbent employers learn, but outside firms also actively extract information from workers' employment histories. by observing workers' job mobility histories, also learn about the workers' ability. This attribute differentiates the present model from existing models of asymmetric employer learning that are based on the two-period mover-stayer model. My model also includes a match-specific productivity component that is known ex ante and I show that because the distribution of match quality is independent of worker ability and the quality of previous matches is irrelevant to newly formed job matches, the presence of match-specific productivity does not alter the nature of employer learning about the innate ability of their workers.
It is important to underscore the limits of this study. The literature has long recognized that human capital accumulation may undermine the predictions from learning models. Although the empirical evidence of intensified adverse selection established through our probit estimates is based on a robust feature of the model, the estimates of the wage regressions, especially the coefficient associated with the interaction between the AF QT score and job seniority, also fit a model in which ability aids the acquisition of specific human capital. 33 This complementarity between ability and specific capital implies that more able workers command higher returns to job tenure, which implies a positive coefficient for the interaction term between the AF QT score and job seniority. It is very difficult to distinguish the present model from a specific human capital model. I can only partially address this concern, following Schonberg (2007) , by looking at differential returns to job tenure by education level. The estimate from column (2) of Table 6 , even though only marginally significant, implies lower returns for higher educated workers. If we expect individuals with more years of schooling to benefit more from job seniority as the human capital theories imply, my negative coefficient is at odds with such a prediction. My model also rules out the possibility of an experience-good nature of job match, because analysis of an asymmetric employer learning model that also allows learning about the match quality is rather complex and beyond the scope of the current study.
To conclude, the empirical evidence from the NLSY-79 broadly favors the implications from the dynamic adverse selection model: ability is negatively correlated with the probability of changing jobs but this association weakens as young workers advance in their careers; accruing information through observing the employment history on the part of outside firms gradually eliminates the knowledge gap between them and incumbent firms; this in turn reduces over time the difference of the impacts of ability on wage rates between them and the incumbent firm, and allows them to be less dependent on the easy-to-observe characteristics of the workers. 3. The standard errors are in parentheses and are White/Huber standard errors accounting for potential correlation at the individual level. The standard errors of the marginal effects are derived through the delta-method. * signifies significance at the 10% level, ** at the 5% level and *** at the 1% level. 2. The dependent variable is the natural log of the respondent's hourly wage. All regressions in the table contain a cubic in experience, a cubic in job tenure, black, hispanic, industry and occupation affiliation, year effects, education interacted with experience, education interacted with year effects, interactions between black and year effects, and between hispanic and year effects. 3. The standard errors are in parentheses and are White/Huber standard errors accounting for potential correlation at the individual level. * signifies significance at the 10% level, ** at the 5% level and *** at the 1% level. 
